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ABSTRACT 
What does it mean for a reader to borrow an ebook? Ebook 
technology means that borrowing can take different forms, for 
example printing and reading. We do not know, though, which of 
these options readers actually use. Ebook technology generates 
logs that allow us to understand ebook borrowing patterns over 
time, both by individual readers and in aggregate. Despite the 
ready availability of ebook logs, this area remains under-
researched. In this paper we present an exploratory log analysis of 
ebook borrowing, comparing printing and reading, discovery 
patterns, single- and multiple-book sessions and identifying 
specific borrowing patterns.  
Categories and Subject Descriptors 
H.5.m Information interfaces and presentation (e.g. HCI) 
miscellaneous  
General Terms 
Measurement, Documentation, Design, Human Factors 
Keywords 
Ebooks, log analysis, reading, information behaviour. 
1. INTRODUCTION 
When a reader borrows a print book from a library, they check it 
out, and—we assume—read it before returning it. The book is a 
physical thing, and while it is checked out to one reader cannot be 
borrowed by another. Similarly individual readers (usually) leave 
little trace of what they did with borrowed books, though 
cumulative wear will appear over time. Books are borrowed from 
shelves, where—in academic libraries at least—they are shelved 
near books on similar topics. Within library opening hours, 
readers may sample books in the library for any length of time, 
even completing a reading. Finally, with the exception of copying 
for later, books can only be read in one medium—the printed 
pages they contain. 
As Marshall rightly notes, ebooks represent a different proposition 
[35]. They can have numerous simultaneous users, and never 
show any signs of wear. Ebook providers typically require readers 
to take out a loan within a short time of beginning to read, though 
this process is largely transparent to readers. Ebooks are not 
shelved at all, and generally only accessible using search: ebook 
browsing capabilities, especially those for academic ebooks, are 
relatively poor. Most importantly for this paper, though, ebook 
providers can (and often do) record all ebook usage, even down to 
the page level. This data allows us to study ebook use in a way 
that would be so obtrusive as to be ‘creepy’ [35] to do for print 
books. 
Data on ebook use has been leveraged at a basic level, both to 
allow patron driven acquisition [13] and to compare raw loans 
between print and ebooks [7; 8]. It has also been used less widely 
to study how readers triage ebooks [39; 40], and once to study 
reading behaviour [37]. The capacity for logging, though, has not 
(to our knowledge) been used to study what it means to borrow an 
ebook given the technological differences between ebooks and 
print books outlined above. There is also a dearth of literature on 
ebook borrowing patterns (outside of a small number of 
comparisons with print borrowing [8; 29; 42]). In this paper we 
aim to understand how reading and printing interact in ebook 
borrowing; how individual readers borrow over time, and what the 
differences are between sessions where readers borrow a single 
ebook and sessions where they borrow more than one. By looking 
at these facets of ebook use we hope to characterise what it means 
to borrow an ebook. 
This paper is organised as follows: Section 2 addresses the 
background literature, Section 3 outlines our research method. 
Section 4 compares printing and reading in ebook borrowing, and 
Section 5 describes the differences between sessions where 
readers borrow a single ebook, and those where they borrow 
many. Section 6 discusses these results in view of the literature in 
the field; finally we draw conclusions and provide avenues for 
future work in Section 7. 
2. BACKGROUND LITERATURE 
This paper builds on both the literature on book borrowing 
(Section 2.1), and the literature on ebook usage (Section 2.2). It 
also builds on the literature on reading—both ebooks and print 
books (Sections 2.3 and 2.4 respectively). 
2.1 Book Borrowing 
There is a long but sparse history of studying print borrowing in 
libraries. The most common traditional method has been the 
materials availability survey, where library users are asked 
whether they found what they were looking for [22]. The advent 
of online cataloguing allowed more detailed analysis of 
borrowing, though apart from examining users’ search behaviour 
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[11; 26; 61] this was poorly leveraged until recently. One early 
study based on borrowing logs exists; it found that relative shelf 
location (and thus browsing) was an strong predictor of borrowing 
for a few small subject areas, at least [30]. This assertion is 
supported by a contemporaneous study of the impact of a new 
online catalogue on reader behaviour, which found that over 50% 
of users who found one book they had identified in the catalogue 
on the shelves also borrowed at least one further book [12]. 
More recent studies of borrowing behaviour have tended to use an 
observational approach [16; 17; 31; 56] or interviews [48; 53]. 
These studies have typically investigated how readers find books 
rather than aiming to understand broader borrowing patterns. 
Finally, we have recently used transaction log analysis to 
demonstrate borrowing patterns more widely. An initial study 
found that proximal books were more likely than distant books to 
be borrowed together [41]; this was followed up by a study 
demonstrating that browsing appears to be a better predictor of 
borrowing than search, that day of the week affects borrowing 
rates, and that books are more likely to be borrowed together 
within classification boundaries than across them [38]. 
The one finding common to studies of print borrowing is the 
prevalence and importance of shelf location in borrowing patterns: 
readers value the opportunity to browse [5; 17; 31; 51], and log 
analysis demonstrates they leverage it willingly [38; 41; 42]. This 
is not to say that the shelves are perfect—readers are well aware 
that books can be checked out or misshelved [5]. Even so, given 
the dominance of shelves as an influencer in print borrowing, 
what does this mean for ebooks, where—dependent on one’s 
viewpoint—either there are no shelves, or they are infinitely re-
arrangeable? We aim to address this question in this paper. 
2.2 Ebook usage 
The equivalent studies to the browsing studies above are ebook 
usage studies. These studies typically have been used to establish 
that ebooks are used at all, rather than how they are used. In this 
vein, early studies of ebook usage typically compared ebook 
circulation with print circulation [8; 29]. These circulation 
comparisons found that ebooks were used more than equivalent 
print books in some disciplines—usually tech and science 
related—but not others. A similar study that looked solely at the 
use of ebooks found similar discipline effects, and that ebooks 
were used in a power-law distribution—some were very popular, 
but popularity tails off exponentially [7]. 
These studies were followed up by a spate of reader surveys to 
find out what proportion of users was using ebooks, and—where 
possible—whether these groups had any identifying 
characteristics. These studies found a number of things—
undergraduates were more likely to prefer ebooks than other 
users, as were men and those in technical fields [27; 52]. Similar 
studies asked users what advantages and disadvantages they saw 
in ebooks [15; 52; 54]; results were fairly consistent. Users 
appreciated the ability to search within ebook content anytime 
anywhere access and but were irritated by DRM and usage 
restrictions and poor annotation capacity. 
Finally our own very recent study of ebook and print book use 
compared borrowing patterns [42]. This study found that ebooks 
were more likely to be borrowed in single-book transactions than 
print and that groups were more loosely topic clustered. The total 
number of unique books borrowed by each user was marginally 
higher for ebooks than print, suggesting convenience is a factor in 
book use.  
None of these studies address what actually happens during an 
ebook loan, however, nor whether there are patterns of behaviour 
with repeated loans. We aim to address this gap in this paper. 
2.3 Reading Ebooks 
Studies of how people read ebooks can be roughly divided into 
three groups: usability studies, experimental studies, diary or 
interview studies of some particular aspect of ebook reading, and 
log studies. 
Usability studies of ebook reading have compared print and 
screen reading, or focused on ereader technology. Comparisons of 
print and screen reading initially suggested that screen reading 
was more difficult than print [10], though this difference has been 
ameliorated by the introduction of e-ink technology [35]. 
Usability studies of ereaders have identified a number of issues, 
including poor navigation and annotation capabilities [47; 50]. 
Ereaders are still more usable than attempting to read from the 
screen of a larger device, however [35]. 
Experimental studies have examined a number of aspects of 
ebook reading. Berg [4] and Malama [32] both studied navigation 
within ebooks, and found that readers used table of contents and 
index frequently, but that they struggled with ebook navigation. 
Liesaputra et al noted that a realistic book presentation somewhat 
ameliorates these difficulties [28]. Thayer et al gave readers the 
choice of print or e-textbooks, and found that print was generally 
preferred, but that ebooks were more frequently used on the move 
[59].Takano and colleagues have looked at a range of aspects of 
ereading in comparison with print (for example [55; 57; 58]), 
notably document handling and navigation. These studies have 
consistently found print to be more usable, particularly for 
navigation. Finally, Mangen compared recall in readers of a print 
novel and its ebook equivalent, and found almost no difference 
[33]. The one exception was event order in the story: print readers 
recalled this better than ebook readers. These studies focus on 
individual aspects of ereading, however, and do not allow for the 
long term examination that ebook logging technology affords. 
Two studies have used logs to examine ebook selection, though 
not deep reading [39; 40]. These studies found that triage 
behaviour looks similar in ebooks to print books, and that cover 
and table-of-contents are important in book selection. Finally, two 
studies have used logs to address reading specifically. The first 
examined navigation during reading, and found significant 
flicking backwards and forwards and some use of the electronic 
table of contents [37]. The other dates from 2009 [9], and reports 
that the typical ebook reading session covers only a handful of 
pages (usually fewer than 7) in a few minutes. 
No study has harnessed the power of ebook logging to examine 
not just reading, but printing, nor has any study attempted to use 
logs to characterise user behaviour over time. This paper attempts 
to address some of these gaps. 
2.4 Print Reading 
Marshall rightly notes that it is difficult and to study long form 
print reading [35], however the use of videotape and diary studies 
have allowed some insight into this area. 
Video recordings of reading [36] show that readers move around a 
lot while reading print, that they flick backwards and forwards 
within a text regularly, and that they use tables of contents—the 
latter two have also been seen in ebooks, as noted above.  
A diary study of work-related reading notes that there are a 
fact checking [1]. This work also notes that annotation and 
navigation are core parts of these activities. 
These studies are fairly representative of the studies of print 
reading, and identify the major problem with studying it: it is 
simply not possible to do unobtrusively in the way that ebook logs 
allow. For the first time in history ebook logs allow us to watch 
readers at work; this paper leverages that capability to further our 
understanding of academic reading patterns.  
3. METHOD 
In this section we first describe our dataset, then define the 
meaning of an ebook loan, and then outline our approach to 
analysing this data. 
3.1 The Dataset 
This paper is based on two sets of ebook log data provided by the 
library at Swinburne University of Technology, a small, research-
active Australian university. The datasets are from 2013 and 2015, 
each from April to July (inclusive); this is core term time in 
Australia. 
The collection’s technology and access policy has been stable 
over two years; hence changes will primarily reflect changes in 
behaviour, rather than alterations in response to, for example, 
changes in search interfaces or the reading experience. 
The system being used is EBL, an established ebook platform 
used in many academic libraries. The interface for this platform is 
shown in Figure 1. The configuration of EBL at Swinburne does 
not allow for PDF downloads of ebooks. Readers must instead 
view ebooks online, print them or copy content. The system logs 
user behaviour anonymously, using a patron identifier that is 
unique to each user, but cannot be de-anonymised. We can thus 
track the behaviour of individual readers over time.  
Each log entry reflects a single ebook loan. Loans only occur after 
one of a number of conditions is met. Most commonly, this is 
because the reader views the book for longer than a set period (ten 
minutes for books pre-purchased by the library, or five minutes 
for other books). Other loan conditions include reading or more 
than 20% of the pages of a book, copying (via cut-and-paste) part 
of the content of a page, or printing one or more pages. Each log 
entry records the book, patron identifier and a range of 
information, including the date and time of the loan, the duration 
of user activity, the quantity and page numbers of any pages 
viewed, printed or copied, and other bibliographic information. 
Loans are not automatically generated; readers must confirm (by 
clicking ‘yes’ in a click through box) that they wish to borrow a 
book. This confirmation is lightweight—it requires only a single 
click, and does not have any financial implications for readers. 
We cleaned the data prior to analysis; removing 1281 loans that 
recorded no usage activity, and over 70 loans that were exact 
duplicates of other loans. 
3.2 Our analysis 
Our overall methods draw from previous log-based analyses of 
library and information behaviour, for example [7; 21; 26; 41; 45]. 
To avoid over-testing, and allow for the evaluation of interaction 
between factors, we used log-linear analysis—a non-parametric 
test for population frequencies. 
Our first aim was to understand the contrasting role of printing 
versus online viewing, and the degree to which these were co-
occurring actions. A high reliance on print would indicate that 
ebooks are primarily used as a fast delivery method for paper, 
whereas a high level of online viewing would be more suggestive 
of a ‘born digital’ ebook culture. Different researchers have 
argued passionately for opposing viewpoints [20; 43], but we lack 
data to support either view. We similarly do not know if printing 
and viewing are of the same material, or of distinct content.  
Examining individual page sequences of views can further reveal 
the degree to which reading is either sequential or non-linear. 
Again, our current research data is sparse. Though Marshall  
observes that strictly linear reading is rare even in print [36], non-
linear reading is both more common and more random online 
[37]. 
As with any novel technology, practise will vary in early 
adoption. With access to data from two separate years, we could 
identify changes in behaviour across time. Determining which 
factors are stable and which are in flux gives us clearer insight 
into user behaviour. 
To provide a foundation for our analysis, we established a global 
view of the data, counting the number of loans that included every 
possible combination of printing, viewing and copying to identify 
the relative frequency of these actions. We grouped loans that 
occurred within 30 minutes of each other and had a single reader 
to form co-borrowing sessions; in line with our earlier work [42]. 
All other loans were singleton loan sessions. For both co-
borrowing and singleton loans the frequency of printing and 
viewing were established. Where a loan included both, we tested 
for any overlap in the pages used, to determine if these were 
interconnected or distinct activities. 
One property of digital books is the potential for direct copying. 
As the public data on digital copying is minimal, we tallied the 
volume of both the number of loans that included copying, and the  
number of pages copied. The rates of copying in co-borrowing 
and singleton sessions were counted separately. We also counted 
the proportion of copying that was accompanied by printing and 
viewing. 
We then embarked on three separate analyses, comparing co-
borrowing versus single-book sessions; second and subsequent 
readings of the same book by individual users; and book-specific 
patterns across all readers. For each ebook, we measured: 
• The total duration of a loan 
• The total number of pages viewed, their sequence both 
in time and in page order, and the number of times each 
was viewed. 
• The total pages printed, and again sequence and 
frequency. 
• The number of pages copied 
First, we compared the co-borrowing sessions against single-book 
sessions to identify any differences in the four measures above.  
Previous research on reading has reported that reading of pages is 
often non-linear, with considerable skipping of pages. For both 
co-borrowing and singleton loans, we established the span of 
Figure 1. The ebook reading interface. Note the interactive 
table of contents at left. 
pages both viewed and printed. These measures were then 
compared by loan type and year.  
Second, we examined renewal (repeat) readings of individual 
ebooks by single users, again using the four measures above. This 
would show if renewal readings differed with each renewal. We 
gathered the profile for the co-borrowings in each sequence, to 
determine if the earlier loans would vary from the later ones in 
terms of time, printing and viewing preferences, etc. Again, 20 
individual books were analysed by hand. 
Third, we aggregated all the sessions for each ebook, and 
identified which of its pages that were repeatedly used by 
different readers for printing, viewing and copying. This enabled 
us to see if different readers used the same ebook in similar ways, 
and determine commonly accessed material. We sampled the 100 
most loaned ebooks and collated the number of times each page 
was printed or viewed. This was further consolidated into 
contiguous groups of pages that were used the same number of 
times. A subset of 20 was manually inspected to identify the 
content of the pages in terms of the book structure (chapters, front 
matter) and page content (tables, diagrams etc.)  
To conclude the analysis, we finally turned to assess the impact of 
topic on co-borrowing. We created a further sample set that 
excluded any book that was loaned fewer than ten times (to 
minimise data noise). This set allowed us to investigate the impact 
of (a lack of) physical shelves on borrowing patterns. Our recent 
work [38; 41; 42] strongly suggests that browsing on physical 
shelves increases co-borrowing (borrowing more than one book at 
a time) where books are shelved close together. Topic is a 
confounding factor in shelf proximity; academic library shelves 
are organised according to topic. Our recent comparison of ebook 
and print borrowing has shown that ebook loan clustering around 
topic occurs, but that it is looser than print clustering [42]. To 
further understand this phenomenon, we created a virtual shelf of 
the ebooks available in our collection sorted by Dewey decimal 
number, then by title (sadly the author metadata needed to 
replicate library practice was not available). We examined ebook 
co-borrowings according to their nominal shelf distance to assess 
the impact of topic (clearly relevant in ebook borrowing) versus 
browsing, which does not exist for this collection. 
4. RESULTS 
From the 40708 loans in the two years, 36064 (89%) included 
viewing of pages, 10170 (25%) included printing, and 4034 (10%) 
included the copying of content from one or more pages. A small 
residue of 281 loans (0.7%) recorded only the copying of one or 
more pages, but no viewing of pages. 1281 loans recorded no 
activity whatsoever, and these were omitted from these totals.  
Our first interest was the relationship between the volume of 
pages users viewed and printed. For the overall set, there was no 
significant correlation between the number of pages printed and 
viewed in a single loan (r=0.06). If we examine only those loans 
where both printing and viewing took place, there is a moderately 
significant correlation between the number of printed and viewed 
pages (r=0.39, df=4541, p<0.001).  
There was no significant correlation between the number of pages 
where content was copied in a loan and the number of pages 
accessed in any other way. 
4.1 Co-borrowing and single- ebook sessions 
We separated loans into two sets: singleton loans, where readers 
accessed only a single book, and co-borrowing sessions, where 
the readers accessed two or more ebooks each within 30 minutes 
of finishing the last. 
Table 1. Patterns of loans: single and co-borrowing sessions 
Loans 2013 2015 Total 
Co-borrowing sessions 856 2161 3017 
Co-borrowing ebook loans 1864 4898 6812 
Single loans 11623 22274 33897 
Total loans 13487 27222 40709 
Total sessions 12479 24435 36914 
Unique users 4945 6752 11697 
This basic summary revealed both that the number of both 
sessions and loans nearly doubled across the two years, and the 
number of unique users rose by over 35%. While the number of 
ebooks loaned per session was relatively stable, the number of 
sessions and loans per user increased. 
 
Figure 2: Types of use activity according to loan type 
We then examined whether singleton and co-borrowing sessions 
were associated with different types of user activity. There was a 
marked difference in the balance of viewing and printing activity 
(see Figure 2). It is clear from our data that co-borrowing involves 
a much higher degree of printing than singleton borrowing, 
behaviour that looks somewhat like checking a number of books 
out of a library to read later. There is also a slight increase in 
printing in 2015 over 2013. This data shows that despite the cost 
of printing to users (where viewing is free), there are clearly times 
where the goal of ebook activity is to locate and print content 
from a number of books. 
Analysing the data using a log-linear test across the three factors 
(loan activity, year and session type), produced p<0.0001 
(G2=2853.61, df=13). The strongest interaction was between 
session type and loan activity, (G2 = 2577.86, df=4), but all 
interactions were significant (G2=157.38, df=4; G2=126.1, df=1; 
p<0.0001).  
4.2 Copying Content 
The collection permits copying of small portions of a book, 
creating a loan when readers do so. Between 2013 and 2015, 
while the total volume of copying was similar, the proportion of 
sessions that included copying fell markedly (see Table 2). 
The likelihood of copying was not affected by the temporal length 
of loans, but the number of pages copied increased with longer 
reading. Loans under 5 minutes that included any copying had an 
average of 1.6 pages copied; this rose to 2.4 pages by 10 minutes, 
and quickly plateaued at around 3 pages. 
Table 2. Copying rates and activity 
 2013 2015 
Loan Type Single 
Co-
Borrow 
Single 
Co-
Borrow 
Included Copy  33.9% 23.4% 13.0% 18.1% 
Copy only 103 10 143 25 
Copy & print 33 5 53 21 
Copy & view 1432 185 1730 345 
4.3 Session activity and length 
The time readers spent on each loan decreased markedly between 
2013 and 2015. The average time per book in 2013 was 29m36s 
for singleton loans, and 19m20s for co-borrowed books. In 2015 
this fell to 17m8s and 8m40s respectively. While it may seem 
counterintuitive that session time shortens with co-borrowing, one 
explanation for this is the increase in printing with co-borrowing 
seen in Section 4.1; printing takes less time than reading. 
Figure 3 shows the average number of pages accessed and page 
span (distance from first to last page accessed) for each loan type. 
 
Figure 3: Number of pages viewed and printed by loan type 
The most obvious feature of this graph is that the span of pages 
accessed is much greater than the number of pages accessed—
readers are skipping past a great deal of content, in common with 
earlier work in the area [37]. For printing, the number of skipped 
pages is smaller than for viewing, this discrepancy is likely to be a 
result of the viewing interface presenting single-click options for 
skipping multiple pages. 
The next thing to note is that for co-borrowings the span viewed 
and printed is largely the same in 2015 as 2013, but the number 
actually accessed dropped substantially: users are examining a 
smaller number of pages within a similar span. 
4.4 Viewed pages per loan 
Over 30% of viewing loans started on the first page, however a 
similar number started beyond the 33rd page. This distribution is, 
as with so many information behaviours, Zipfian. This distribution 
also applies to the span of pages covered by each reading session: 
33% are shorter than 18 pages, and the same proportion longer 
than 101. The later in the ebook viewing began, the fewer pages 
were read, a correlation which is marginally significant (r2=-0.2). 
Viewing was primarily linear, but perfectly continuous reading 
was rare, as has been observed in print and previous studies of 
ebooks [36; 37]. While there were many jumps of 4-5 pages 
(mean 4.53 pages for all loans), the mean longest jump per book 
was over 50 pages for both years, a result also seen in 2011 [37]. 
These big leaps explain most of the difference between the span 
of pages and the smaller number of pages read seen in Figure 3. 
We also analysed different activity factors—total page counts, and 
time per page—by time, initially separating sessions by bands of 
five minutes. 
Loans under 5 minutes (close to 50% of all loans in both years) 
were less likely to be linear than longer ones; the mean number of 
consecutive pages viewed was 2.3 in 2013 and 2.55 in 
2015.Sessions that exceeded 10 minutes typically included 
sequences of 8 pages (mean 7.83 pages) and when reading lasted 
over an hour, runs of 15 pages or more were commonplace.  
The average length of time spent on each page echoes this 
difference. For loans under 5 minutes the mean was a bare 6.4s 
per page; for loans over 15 minutes, this was 28.75s and beyond 
an hour, the mean time per page rises to 93.14s. It is quite likely 
that the latter figure includes a much higher proportion of idle 
time than with a short viewing time. 
Bearing in mind that loans generated by the library only 
commence after a large number of initial pages, or several 
minutes, short loans are perhaps surprisingly more similar to 
triage-like skim reading than might be expected. Conversely long 
loans begin to look like deep reading. 
4.5 Patterns in co-borrowing 
We wanted to know whether readers’ behaviour changed as they 
moved through the books borrowed in a co-borrowing sequence. 
We were particularly interested in the proportion of printing and 
viewing over time; after all co-borrowing could just be long-form 
triage or there may be some other pattern. To understand the 
nature of co-borrowing, we examined both the overall behaviour 
in borrowing sequences and the behaviour in the final book in 
particular. Results are shown in Figure 4. 
 
Figure 4: Actions by order of co-borrowing sequence 
There is a drop in the rate of view-only loans over time, 
particularly by the third or greater book in a sequence. This 
suggests that readers viewing three or more books are either 
triaging books and printing material for later, or that readers run 
out of time to read everything they need from the screen. It is also 
clear that there is more printing generally in 2015 than 2013. . 
Testing these differences for significance using a log-linear test, 
produced p<0.0001 (G2=354.1; df=31), confirming that both the 
difference between years and the fall in view-only loans across a 
sequence are reliable. 
When examining whether readers showed access preferences over 
the course of a session, we found a marked result. 95% of view-
only loans were followed by another view-only loan, where 
random distribution would have predicted around 60%. For print-
only loans, 49% were followed by another print-only loan, 49% 
by a print-and-view loan, and only 2% by a view-only loan. For 
loans with both viewing and printing, there was less than a 10% 
chance of a view-only loan for the next book. 
Overall, co-borrowing sessions were either printing- or viewing- 
focused. Manual inspection of a sample of books revealed that the 
number of viewed pages was limited in print-focussed sessions. 
Viewed pages in print session mostly appeared in the front matter, 
with a small number (3-4 pages) being located in the printed 
region, usually towards the very beginning. This appears strongly 
to suggest that viewing can be target-acquisition task, used 
identify material for printing.  
In contrast to session behaviour, most users both printed and 
viewed ebooks over the course of their usage: The behaviour 
focus in sessions represents user tasks for those sessions, rather 
than a preference by individual users for printing or viewing. 
4.6 Re-reading ebooks 
Given the short loan period of ebooks in this collection (24 hours), 
the restrictive online reading environment (ebooks are not 
downloadable) and the possibility that readers were using books 
for reference materials it seems likely that individual readers 
would borrow books in this collection more than once. We 
examined whether this behaviour occurred, and what actions 
readers took with individual books over a number of re-readings. 
It is clear in the data that readers return to books: every page read 
had a 56% chance of being re-read by the same reader in later 
sessions. 7825 ebooks were borrowed more than once by a single 
user; 58.4% of all loans were repeat borrowings (see Table 3). 
Repeat borrowings account for more loans than co-borrowing 
sessions. 
There was a rise in repeat borrowings in 2015: 56% of all loans 
being part of multiple readings of an ebook, compared to 37.5% in 
2013 (p<0.0001, χ2=2511.2; df=1).   
Table 3. Renewed ebook behaviours 
Loans 2013 2015 Total 
Books re-read 2005 5280 7285 
Total re-readings 5170 15874 21044 
Two readings 1398 3102 4500 
Largest # of re-readings 23 50 n/a 
With each reading, the odds of a further reading increased: 41% of 
2nd readings were followed by a third, 50% of those by a fourth, 
and 56.9% of those, in turn, by a fifth. The actions taken during 
each loan influenced this progression. The likelihood of a print-
only loan being the last in a sequence was 13-16% greater than a 
view-only loan. For example, 56.5% of view-only second loans 
were the last, 71.3% of print-only loans were, a difference that is 
significant (G2=806.65; df=28, p<0.001 for 3rd to 6th loans). Loans 
with both printing and viewing fell in the middle of this range. 
The high rate of termination with printing suggests again that print 
is being used for long-term reference or record. The number of 
printed pages, in contrast, was highest in the first loan—28.7 
pages; later loans show an average of around 22 pages printed. 
Conversely, the ratio of viewing-only loans rose from under 80% 
to over 90% of later readings. The average number of pages 
viewed grew from 23.9 pages, up to a plateau of approximately 35 
pages (later re-readings varying from 34.8 to 35.3 pages). The 
length of sessions also increased, from 15m 28s (first reading) to 
25m 55s (5th reading or later). This suggests that later readings are 
usually in depth, rather than brief access for reference.  
Readers showed preferences for interacting with each book: 
viewing is disproportionately followed by viewing, and printing 
begets further printing. When examining variations between first 
and second readings with respect to activity—print-only, view-
only, and print-and-view—consistency of access method is 
statistically significant. (p<0.0001, χ2=1381.95, df=4). 
Readers do return to previously borrowed books, and they have 
behavioural preferences when doing so—viewing begets viewing, 
and printing begets printing. Final loans, though, show more 
printing than other loans—possibly readers saving material for 
later review or reference. 
4.7 Co-borrowing sessions & re-read ebooks 
Having examined behaviour in co-borrowing sessions and re-read 
ebooks separately, we then investigated interactions between the 
two. To recap, c. 15% of books are read in co-borrowing sessions, 
whereas repeatedly read books account for just under 60% of total 
loans. When examining only those books that were re-read, 48.6% 
of all first readings occurred as part of a co-borrowing session. 
The prevalence of co-borrowing decreases as the number of 
borrowings goes up: second readings show co-borrowing at 
around 33%, third readings 30%. Given the overall low rate of co-
borrowing, these numbers seem higher than chance would predict. 
We tested this relationship with a 3-way log-linear test of year, 
reading (1st to 3rd) and session type (co-borrowing or single-book), 
producing p<0.0001 (G2=780.3, df=7). All 2-way interactions 
proved significant. In 2015, co-borrowing was more frequent in 
the first reading, and dropped off more by the third: suggesting 
that initial readings are more often part of a “triage” activity, and 
that if read, focus turns more onto the individual text. 
4.8 Ebooks as reference material 
Given the prevalence of reading lists as part of the academic 
experience [33; 51; 59], it seemed likely that we would be able to 
identify books or parts of books that were accessed in similar 
ways (reading a specific page or chapter, for example) by groups 
of readers.  
To investigate this likelihood we aggregated the data of all users 
for each ebook, looking at which pages were printed and viewed. 
Using a sample of the 100 most frequently borrowed ebooks, we 
noted the ten most popularly viewed and printed pages in each. 
These lists had surprisingly little overlap: only 25% of pages were 
found in each list, even when omitting the first 10 pages of each 
book from the ‘viewed’ lists. This disparity was not universal, 
some books had a strong correlation between viewed and printed 
material; one such example is Lessons on the war on terror, all 
printing was between pages 92 to 120, and no page outside that 
range was viewed more than once. 
Conversely, nearly 40% of these books had no pages that were 
both printed and viewed. “The Magic of Mathematics” was one—
the most printed span of pages consisted of the first full chapter 
(p. 3-32), however, the most viewed content consisted of the fore-
matter and preface, and the fourth chapter; indeed only two of the 
pages of the much-printed chapter (printed 51 times) were viewed 
by any user. Similarly, only four of the 29 pages comprising the 
second-most printed part of the book were ever viewed. 
Considering that this book was borrowed 400 times it is striking 
that there were no views of numerous pages that were regularly 
printed. In books demonstrating this pattern of use, viewing is 
typically confined to early pages in the book, or pages that could 
help readers identify the material they wish to print. 
Many books showed printing that repeatedly covered one or more 
whole chapters. “Extending Thought in Young Children: A Parent 
- Teacher Partnership” was a popular text in 2015, with over 150 
separate loans, 39 of which included printing. While three printed 
extracts started from other pages, the other thirty-six began at the 
start of Chapter 5. All but three were for the chapter’s full 52 
pages; one omitted the last (incomplete) page, one the last five 
pages, and one covered only the first nine pages. Similarly, 
“Promoting Emotional and Social Development in Schools: A 
Practical Guide” had 42 prints in 185 loans, with 37 starting on 
the same page; and “Alone Together” by Sherry Turkle had every 
print run begin on the first page of Chapter 10. In some cases—
just over 10% of the total prints of whole chapters—two or more 
contiguous chapters were printed; we coded these multi-chapter 
prints as a special case of the whole-chapter case. 
Another recurring pattern was the printing of self-contained 
content within a chapter, usually comprising one or two pages. In 
“Sociology, the basics”, patrons printed 11 individual chapters, 
but 16 of the 29 prints were of single pages. 14 of these were of a 
page containing a set of guidelines, and the other two contained a 
list: one of websites, one a checklist. Similarly, “SPSS Survival 
Guide” had 25 printing loans, of which 12 printed out a three-page 
set of instructions, and 15 one or more complete chapters (2 
printing a table and the immediately following chapter). Printing 
short excerpts was more commonly found in instructional 
textbooks, and reference material. In both types of book, pages 
held distinct content, separate from a longer span of flowing text. 
While we cannot offer direct proof, it appears plausible that these 
extracts were printed for reference.  
It is clear, then, when we examine behaviour aggregated across 
users, that ebooks are being used for reference and assigned 
reading purposes. This represents a digital behaviour that many 
have argued makes sense [20] or is likely to happen [59], but 
which has never before been positively shown in usage data. 
4.9 Topic versus Keyword Clustering 
Browsing at the physical shelves is something readers profess to 
value [17; 31; 44], and that arguably affects loan patterns. 
Browsing—or topic clustering—is a more contested issue online. 
It has proved inferior when compared to keyword search for 
focussed discovery [14], leading some to claim its possible 
redundancy. However, others say browsing is both important and 
under-researched [23; 41]. We analysed the loan histories, taking 
all co-borrowing sessions : those sessions when two books are 
checked out of a library at the same time (by the same reader)..  
The distance between books in all 3017 co-borrowing sessions 
was calculated three different ways. First, we counted the nominal 
distance between co-borrowed books in a Dewey-sorted list of all 
books; this count represented topic distance. Second, a search was 
done using the title of the ebook to identify search neighbours. 
Third, we did pairwise searches of shared keywords between 
books in each co-borrowing session allowing us to maximise the 
chances of a search match. Both search calculations were on an 
index using metadata only, not full text. Co-borrowed books were 
only considered neighbours by any of these measures if they fell 
within ten books of each other consistent with our previous work 
in this area [38]. We then compared search distance and shelf or 
topic distance as explanations for co-borrowings: as shown in 
Table 4, search clearly explains more co-borrowings than topic 
(even within the low number of co-borrowings explained by any 
of these methods). 
Table 4. Closest Neighbour, Co-Loans 
Year 
Search 
Only 
Browse 
Only 
Search 
Closest 
Tie 
Browse 
Closest 
2013 88 70 78 22 46 
2015 196 54 38 96 31 
Clearly serendipitous discovery in this collection is low, echoing 
readers’ worries about the rise of ebooks (see Section 2.3). 
5. DISCUSSION 
Copying was, in all contexts, surprisingly rare. One regularly 
stated concern of publishers is securing their content sometimes 
far more than they would be able to with print [20]. Others have 
complained of the negative impact of rights management on fair 
use [19] and prior research has demonstrated how DRM can 
frustrate users [18; 35; 54]. However, the low rate of copying seen 
by us suggests that literal reuse is in fact low, and DRM may be 
unnecessarily raising barriers to use. 
The trade-off between online viewing and printing is complex. In 
any co-borrowing session, readers tended to focus either on 
printing encountered ebooks, or viewing them online. However, 
there was so sign of a clear division between readers who print 
and readers who view. Instead, individual readers used both 
strategies at different times. This reflects other work about 
individuals’ book seeking behaviour, which suggests few users 
adhere strictly to a single strategy; the majority of users employ 
mixed approaches over time [42; 51]. 
It is interesting to note the high proportion of co-borrowings that 
are either exclusively or mostly print sessions, with little viewing;. 
This behaviour begins to look like print borrowing—triaging at 
the shelves and taking the books away for later, more extensive 
use [5; 17; 31]. While readers who printed did not (and indeed 
cannot, due to usage restrictions imposed by publishers) print 
entire books, there is similarly no indication that those who check 
out print academic books read them from cover to cover. 
The regular use of printing indicates that digital books are often 
used as a delivery mechanism for print reading. This has been 
previously reported by Marshall [35], but there is no evidence of 
any shift away from print in 2015. The role of ebooks as print 
source material is probably going to endure for some time, despite 
many arguments that a new generation of students read 
exclusively online, and in spite of the associated individualized 
cost of printing1 . Conversely, arguments that only print reading is 
deep or academic reading also do not hold true, with many readers 
displaying behaviours that look like deep reading over time in 
view mode, without printing. 
We saw many types of loan activity. Similar to the JISC report on 
ebook reading [9], we saw many short loans with limited time-on-
page; this looks like Adler et al’s ‘checking’ reading or Marshall’s 
triage reading [1; 36]. In contrast, there were a number of loans 
where the time-on-page was over a minute and a large number of 
pages read; these loans look very like  the ‘deep reading’ as 
described by Adler et al. and Marshall. This deep reading could 
occur over multiple sessions; in contrast with print loans which 
(usually) persist for a number of days, each ebook loan lasts only 
24 hours. 
We examined two types of sequence: co-borrowing, and renewal-
type sequences, where an individual reader returned to a book on 
a number of occasions. Neither of these are well addressed in the 
literature. Many quick co-borrowing sessions seem again to be in 
many cases a form of triage, particularly for print. As just noted, 
renewals may involve checking, but also longer-term multi-
chapter reading, in contrast to the chapter-focussed printing and 
viewing that occurred in many popular documents. This style of 
                                                                  
1 See http://www.swinburne.edu.au/library/study-spaces-
computers/print-copy-scan/ for print costs at Swinburne. 
reading, probably driven by reading lists, is absent from Adler’s 
categories, which are built on professional work.  
Co-borrowing sessions came in two main forms: viewing-
focussed, and print-focussed. There was minimal occurrence of 
printing in sessions that commenced with viewing, but not 
printing, a document; conversely there were a number of print-
focussed sessions. Previous research has articulated the likely 
existence of ‘print-to-read’ strategies [35], and that seems a 
plausible explanation for the behaviours we observed here. 
However, elements of our data show other approaches, too. Some 
printing is of specific, atomic content such as tables or guidelines, 
which appears to be for reference purposes. Printing is often the 
last action in a series of loans of the same book, but it frequently 
has little overlap with the pages viewed online in a book. These 
facts suggest that this ‘final’ printing is not simply a method for 
preserving materials that have been viewed online for later offline 
reading. Printing and online reading appear to be complementary, 
rather than competing actions. Most users deploy both strategies 
in their reading, rather than turning exclusively to one or other. 
Our data shows that, in contrast to recent studies of browsing in 
the physical library [38; 41], search appears a more likely 
explanation of co-borrowing of ebooks than traditional topic 
clustering. Indeed, compared to that data on co-borrowing in the 
physical library, rates of co-borrowing seem surprisingly low. 
Given that much of a library’s reading occurs in the building, the 
print data almost certainly under-reports co-use. As noted by 
previous ebook studies [6; 35], the advantages of the print 
medium could explain part of this gap, the difference in discovery 
behaviour suggests that finding related ebooks is part of the 
challenge. 
There has been a spate of recent research on how to provide 
browsing and non-search discovery for books online [23; 49; 60]; 
our findings underline the importance of this work. Search is not 
an analogue of, nor a replacement for browsing—not even faceted 
search [2; 25; 62], which is a search narrowing behaviour rather 
than a breadth strategy. We have known that search is not enough 
since the publication of early information seeking behaviour 
studies [3; 24; 34]. While some Similarly, given the dearth of 
topical co-borrowing in ebook collections topical similarity seems 
unlikely to entirely explain the value of browsing the library 
shelves, though a closer understanding of user cognition and 
approach is needed. Log-based analyses, as presented here, cannot 
address that gap in our scientific knowledge. 
6. CONCLUSIONS 
Logs have always had the potential to reveal new behaviours and 
validate users’ self-reports. This potential for analysis of ebook 
data was noted in 2010 [35], however studies of ebook logs 
remain stubbornly limited in both number and scope. The majority 
of such studies address only that ebook borrowing takes place at 
all [7-9; 29]; the capacity to study user activity beyond simple 
borrowing has only been leveraged in our own earlier work [37; 
39; 40] to the best of our knowledge. Readers’ use of and attitudes 
to ebooks have been studied almost entirely using survey methods 
[15; 27; 46; 52] and experimental approaches [28; 32] limiting our 
capacity for understanding actual ebook use. 
Our data reveals a range of user behaviours. Some of these 
behaviours, such as apparent deep reading and reference use, 
mimic print borrowing (in many cases to the point that readers are 
using ebooks as a print delivery service). Conversely some 
behaviours—such as the preponderance of singleton loans, and 
the heavy reliance of co-borrowing on search—appear to confirm 
the stated reservations readers have about ebooks, such as the loss 
of browsing and serendipitous discovery. ‘Born digital’ activities 
such as text copying are seen only on a limited basis, despite users 
claiming to value them. This means that born digital responses 
such as DRM are likely unduly heavy handed. 
Overall, we now know that ebook borrowing is increasing in 
popularity, and includes both printing and viewing actions. 
Printing tends to involve a smaller proportion of each book than 
viewing; this is likely due to the interface support (or lack thereof) 
for each action. Similarly books that are borrowed together are 
more likely to share keywords than a Dewey classification; 
interface support for topic browsing in this collection is limited. 
Individual readers employ both printing and viewing in their 
interactions with ebooks, putting paid to both the argument that 
print is obsolete and that electronic reading simply doesn’t 
happen—even individuals are not so strict about their preferences. 
Readers return regularly to books they have previously used, 
either examining new content and reading further, or returning to 
the same content for reference purposes. Some books are clearly 
being used as assigned reading, with the majority of content 
remaining untouched in favour of single pages or chapters. In 
summary, our analysis has revealed some facets of ebook use we 
might have suspected, some that mimic what we know about print 
use, some that are born digital, and some that are entirely 
surprising. 
We have only grazed the tip of the iceberg with this analysis, 
however; the logs give us the capability to, for example, explore 
the impact of interface changes, to understand the relative value to 
users of different classification schemes, and to follow the 
behaviour of individual readers and books over much longer than 
a semester, to name a few. These and other interesting challenges 
remain future work. 
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